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LIQUID FILTERING METHOD AND FILTERING SYSTEM 

[Technical Field] 

This invention relates to a liquid filtering method and system 
for removing unwanted components such as blood clots, white blood 
cells or the like from a liquid such as blood. Specifically, it 
relates to a method and system for removing side effect-causing 
microdots or white blood cells from whole blood, red cells, platelets 
or blood plasma to be transfused using a blood processing filter. 

[Background Art] 

Whole blood collected from a donor is not often used as such for 

transfusion, but generally separated into its components including red 

• . / 

blood cells, platelets and plasma before storage for transfusion. 

Because microdots and white blood cells contained in these blood 

preparations could cause various side effect upon transfusion, the 

chances of removing these unwanted components prior to the transfusion 

are increasing. The necessity of removing white blood cells has been 

recognized in recent years and removal of white blood cells from all 

blood preparations to be transfused is imperative by a regulation in 

some European countries. As a method of removing white blood cells 

from the blood preparations, it is most general to filter the blood 

preparation through a white cell-removing filter. Although this 

procedure was often conducted immediately before transfusion on the 

bedside in the past, it is becoming popular in recent years to carry 

out the procedure, at blood banks before storing the leukocyta-f ree 

blood preparations for quality control and removal rate-increasing 

purposes. 
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A blood collecting and separation set comprising two to four 
flexible bags, a plurality of tubings connecting these bags to one 
another, an anticoagulant solution, a solution for preserving red 
blood cells and a blood collecting needle has been used from the 
past. A system for removing leukocytes has been developed by 
incorating a white blood cell filter in the above blood collecting 
and separating set and is used widely- The system is designated as 
closed system" or "integral system" and disclosed in JP-A-0132064 and 
WO 92/20428. 

The leukocyte filters widely used in the past comprise a rigid 
container such as made of polycarbonate and a filter element made of 
nonwoven fabric or a porous material placed in the rigid container. 
The filter of this type has a problem that the filter is hardly 
susceptible to autoclaving for sterilization simultaneously with the 
blood collecting and separation set because of low. gas-permeability of 
the rigid container. The closed system is roughly divided into two 
types. The first type requires the steps of filtering collected whole 
blood through the leukocyte filter, removing the filter from the set 
and separating the leukocyte-free whole blood into several components 
in a centrifuge. The other type is configured to remove v/hite blood 
cells after separating whole blood into several components by 
centrifugation. In the latter case, the filter is centrifuged 
together with the blood collecting and separating set. Therefore, 
there exist risks that various bags and conduits could be damaged 
during the centrifugation or the rigid container itself could be 
broken by a stress created by the centrifugation. 

In order to overcome these problems, a flexible leukocyte filter 
has been developed by producing the filter container from a flexible 
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and steam-permeable material same as or similar to the material from 
which the blood collecting and separating set is made. The manner of 
attaching a filter element to the flexible container may be divided 
into two types. In the first type herein after referred to as "flame 
welded type", the filter element is first welded to a sheet-like 
flexible frame and then the frame carrying the filter element is 
welded to the flexible container (cf. EP 0526678 and JP-A-11267871) . 
The second type herein after referred to as "container welded type) 
attaches the filter element directly the the flexible container by 
welding . 

In use of these leukocyte filters, a bag containing blood to be 
filtered which is connected to an inlet of the filter via a conduit 
is placed above the filter at a height as 20 cm - 100 cm high as the 
filter and then the blood is allowed to flow by gravity through the 
filter into a filtrate collecting bag which is connected to an outlet 
of the filter via a conduit. In this arrangement a pressure loss is 
created by the resistance of the filter element during the filtering 
process and the pressure in the filter inlet side elevates to a 
positive pressure relative to the atmospheric pressure. The flexible 
container then inflates to a balloon shape by the positive pressure 
and the filter element tends to be pressed against the outlet side of 
the container . 

The filtrate collecting bag is usually placed below the filter as 
50 cm - 100 cm low as the filter during the filtration process. This 
creates a negative pressure on the outlet side of the filter as liquid 
flows through the, dov/nstream flow path of the filter. This negative 
pressure also assists the adhesion of the outlet side of the filter 
container to the filter element. In other words, a filter comprising 



a flexible filter container has a strong tendency of adhering of the 
filter element to the downstream side of the container by the dual 
action of forces whereby the flow of blood is retarded and a 
sufficient flow rate is not obtainable. This problem has been pointed 
out from the past. 

Various measures have been proposed heretofore to dissolve the 
above problem including, as representatives, insertion of plasticized 
PVC tubs called "spacing rods" between the filter element and the 
container downstream side (EP 0526678) for the prevention of adhesion, 
forming uneven configuration on the inner surface of the container 
for the prevention of adhesion ( JP-A-1126179 ) and insertion of a 
screen made of knitted fibers (WO 95/17236). As discussed in JP-A- 

216179, however, insertion of spacing rods or screen has problems of 

i- 

increasing risks of welding failure of the container owing to the 
insertion of a foreign member, of increasing complexity of the 
manufacture and of increasing cost of manufacture owing to the use of 
additional parts. The use of the spacing rods is effective for the 
prevention of adhesion only in the vicinity of the rods and its effect 
is thus doubtful. Provision of uneven configuration on the inner 
surface of the container disclosed in JP-A-216179 is limited to the 
welded type because the uneven inner surface could lead to welding 
failure or decrease in pressure resistance of the container when the 
filter element is directly attached to the container by welding. 

As discussed supra the prior art has attempted to overcome the 
problem presented by the generation of a negative pressure on the 
filter outlet side, namely how the adhesion of the filter element to 
the outlet side of the container may be prevented by keeping a space 
for blood flow by means of a spacer between the filter element and the 
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container. These attempts have been proven to be unsatisfactory. 

[Disclosure of The Invention] 

It is an object of the present invention to provide a method of 
filtering liquid through a filter provided in a flexible container in 
which adhesion of the filter element to the outlet side of the 
container is prevented to ensure undisturbed liquid flow. 
Specifically, the above object is accomplished by the present 
invention by providing a filtering method in which a spacer for 
preventing the adhesion of the filter element to the flexible 
container at the outlet side is dispensed with to eliminate risks of 
incomplete welding and need for complicated and cost increasing steps 
in the manufacture of the filter. 

! . 

It is another object of the present invention to provide a liquid 
filtering system including a filter provided in a flexible container 
in which the adhesion of the filter element to the outlet side of the 
flexible container that disturbs liquid flow through the filter may be 
prevented . 

As a result of our vigorous study to accomplish the above 
objects, we have found that the adhesion of a filter element placed 
within a flexible container to the outlet side of the container can 
be prevented by making the pressure of the outlet part of the filter 
above 0 mmHg , namely a positive pressure relative to the atmospheric 
pressure without need for disposing a spacer. 

In order to find out conditions for making the pressure of the 
outlet part of the filter a positive pressure, we have continued to 
study on the relationship between the height difference and the flow 
rate by varying the height both upstream and downstream sides of the 
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filter and also the total height difference of both of them. As a 
result, we have found a strange phenomenon that the flow rate remains 
constant under a certain range of conditions in which the flow rate 
does not increase when the total height difference increases to 
increase the flow rate and that further increase in the total height 
difference results in increase in the flow rate again. As a result of 
our studies focused on this phenomenon, we have found that the 
pressure of filter outlet part can be made positive by suitably 
selecting the hydrodynamic characteristics of the flow path including 
the upstream height difference, the downstream height difference, the 
total height difference of both of them, resistance of upstream flow 
path, resistance of downstream flow path and resistance of the 
filter, and that not only a good flow rate is obtained but 

/ 

surprisingly higher removal performance for unwanted components may 
be achieved by suitably selecting a combination of the hydrodynamic 
characteristics of the flow path to make the pressure of the filter 
outlet part above 0 mmHg when compared with cases where the pressure 
of filter outlet part is selected to be a negative pressure. The 
present invention was made based on these findings. 

Therefore, the present invention resides in a method and system 
for filtering a liquid including filtering a liquid such as blood by 
gravity flow or pumping through a filter comprising a flexible 
container having an inlet and an outlet and a sheet-like filter 
element which separates said inlet and outlet from each other. The 
invention is characterized in that the filtering process is carried 
out at a pressure. of the filter outlet part above 0 mmHg relative to 
the atmospheric pressure. 

The present invention also relates to a method and system 
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comprising filtering a liquid through the filter at a pressure of the 
filter outlet part adjusted above 0 mmHg relative to the atmospheric 
pressure by suitably selecting a combination of hydrodynamic 
characteristics of the filter and the filter flow path either 
upstream or downstream side of the filter. 

In the present invention, the flexible container is not subjected 
on the outlet side thereof to a force to adhere the filter element 
thereto whereby a space is established therebetween through which the 
liquid can flow at a good flow rate without placing a spacer between 
the outlet side of the flexible container and the filter element. 
Also, it is possible to prevent a state in which liquid flow through 
a portion of the filter element is substantially blocked, namely a 
portion of the filter element is not available for filtration by a 
biassed liquid flow due to the adhesion to the flexible container from 
occurring. Moreover, although it is generally known that the removal 
performance of a filter decreases as the flow rate increases, we have 
obtained not only a good flow rate but a result, contrary to the above 
general knowledge, that an enhanced removal performance may be 
achieved at the same time in cases where the pressure of the outlet 
part is positive but not negative when comparison is made, for 
instance, in a system where the total height difference of the 
upstream and the downstream sides is kept constant. This is because 
the filter element is available to its fullest extent by preventing 
biassed flow to thereby enhance both of the flow rate and the removal 
performance . 

[Brief Description of The Drawing] 

Fig. 1 shows schematically an apparatus for carrying out the 
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filtering method according to the present invention. 
[Best Mode] 

Now the invention will be describe in detail but the invention is 
not limited thereto. 

The present invention relates to a method and apparatus for 
filtering liquid through a filter comprising a flexible container 
having an inlet and an outlet for the liquid, and a sheet-like filter 
element separating the filter inlet and the filter outlet from each 
other by moving the liquid by gravity flow or pumping. The method and 
apparatus are characterized in that the pressure in the outlet side 
of the filter is kept above 0 mmHg relative to the atmospheric 

pressure during the filtration. 

• . ■ ■■ 

In the present invention, a container for storing liquid to be 
filtered and a container for collecting the filtrate are connected to 
the upstream side and the downstream side of the filter, respectively. 

The flexible container may be any known filter container such as 
those disclosed in JP-A-7267871 or WO 95/17236. 

The filter element may be any known filter element including an 
assembly of fibers such as nonwoven fabric or porous body such as 
sponge. 

When filtering blood, the filter element may be coated with a 
hydrophilic polymer to improve the wettability of the filter 
material. When the filtering method is applied for selectively 
removing leukocytes from blood, a filter material may be coated with 
a polymer that enhances the adhesion of leukocytes to the material. 

A spacer for establishing a flow path in the filter outlet part 
is preferably dispensed with in order to avoid welding failure or 
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complicated manufacturing steps. Specifically, the filter preferably 
does not include one or both of uneven configuration on the inner 
surface of the container acting as a spacer for establishing a flow 
path in the filter outlet part and a tube inserted between the sheet- 
like filter and the outlet side of the flexible container. 

The pressure in the outlet part as used herein refers to the 
pressure at a location immediately adjacent to the liquid outlet 
relative to the atmospheric pressure. This pressure can be determined 
by a pressure gauge connected to said immediately adjacent location 
via a T-shaped connector and measuring the pressure while at least 
the upstream fluid path, the filter and the downstream fluid path 
being filled with liquid. 

In the present invention, the pressure in the outlet part may, be 
kept above 0 mmHg relative to the atmospheric pressure by suitably 
combining the hydrodynamic characteristics of the filter and the 
upstream flow path of the filter or the downstream flow path of the 
filter. The hydrodynamic characteristics include differences in height 
of the filter upstream side and the filter downstream side, the total 
difference in heights which is the sum of said upstream and 
downstream height differences plus the difference in height between 
the filter inlet and outlet, the resistance of the upstream flow 
path, the resistance of the downstream flow path and the resistance of 
the filter. 

The term "filter upstream flow path" as used herein refers to the 
flow path between the container of liquid to be filtered and the 
filter inlet. Similarly, the term "filter downstream flow path" refers 
to the flow path between the filtrate container and the filter 
outlet. 
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The term "difference in height" as used herein refers to the 
vertical vector of a distance between two spaced apart points. When 
the upstream flow path is depending vercially from the container of 
liquid to be filtered and the distal end thereof is connected to the 
filter inlet, the length of the upstream flow path will be 
substantially equal to the difference in height of the upstream flow 
path, when the filter is elevated toward the blood container from the 
original position, the difference in height of the upstream flow path 
will decrease while the length thereof remains unchanged. 

The resistance of flow path and the resistance of the filter may 
vary depending on the viscosity of liquid to be filtered, the friction 
coefficient of the inner surface of the flow path, the inner diameter 
and cross-sectional area of the flow path, and the resistance 
coefficient and effective surface area of the filter. 

The combination of hydrodynamic characteristics for keeping the 
pressure of the filter outlet part may also vary depending on the 
viscosity of liquid to be filtered, the flow rate and removal 
efficiency as desired, the pressure tolerance of the filter, the 
limitation of settable process conditions such as the maximum 
difference in height and so on. Although the combination cannot be 
determined uniformly for this reason, the desired combination may be 
achieved one of the following exemplifying methods. 

Enlargement of the difference in height of the upstream flow path 
so that it is greater than the difference in height of the downstream 
flow path. 

Increasing the resistance of downstream, flow path greater than 
the resistance of upstream flow path by extending the length of 
downstream flow path longer than the length of upstream flow path or 
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decreasing the inner diameter of downstream flow path smaller than 
the inner diameter of upstream flow path throughout the entire length 
or in a portion of the downstream flow path. 

The methods also include winding the downstream flow path in a 
coil or bundle by RF or solvent bonding or by means of a strap or 
bundling tool, loosening the downstream flow path by decreasing the 
difference in height smaller than the entire length of the downstream 
flow path during the filtration and decreasing the cross-sectional 
area of downstream flow path by temporarily clamping or using a tube 
having a smaller inner diameter in a portion of the downstream flow 
path to increase the resistance of downstream flow path against the 
liquid moving force generated by the gravity. It is also possible to 
achieve an equivalent effect by decreasing the diameter of the outlet 
nozzle to increase the resistance of the outlet and thus the 
resistance of downstream flow path. In this case, the pressure in the 
filter outlet side may be measured by connecting a pressure gauge to a 
downstream path in flow communication with the filter outlet part of 
the flexible container. The extent of how much height difference or 
resistance should be imposed to obtain a pressure level above 0 mmHg 
in the filter outlet part may be suitably determined empirically. 

In the liquid filtering system of the present invention, a bypass 
flow path may be provided between the filtrate bag or the midpoint of 
the filter downstream flow path and the liquid storage bag or the 
midpoint of the filter upstream flow path. The bypass flow path may 
be used for venting the filter. Namely, air expelled from the filter 
to the filtrate bag may be removed through the bypass flow path. The 
bypass flow path may also be used for adjusting the height difference 
between the filtrate bag and the liquid storage bag by adjusting the 
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length of the bypass flow path- In order to prevent liquid flowing 
from the storage bag to the filtrate bag directly, a flow restrictive 
member is normally provided in the bypass flow path. The flow 
regulator may be a one-way valve, a breakaway valve or a plastic 
clamp. The length of the bypass flow path must be smaller than the 
total length of the upstream flow path, the filter and the downstream 
flow path lying between the joining ends of the bypass flow path. 

It is also possible to use a pump in order to adjust the pressure 
of filter outlet part at above 0 mmHg relative to the atmospheric 
pressure. When a pump is disposed in the filter downstream flow path, 
an effect may be obtained as substantially the same as when the 
resistance of the filter downstream part is increased by controlling 
the pumping rate appropriately. Conversely the same effect may be 
obtained when operating a pump disposed in the filter upstream flow 
path at an increased pumping rate. It is also possible to control the 
pressure within the filter as desired when controlling the pumping 
rate of each pump disposed in both the upstream and downstream flow 
paths. 

The pressure in the filter outlet part may be kept at a constant 
value above 0 mmHg relative to the atmospheric pressure by sensing the 
pressure with a pressure gauge at a brach line extending from the 
downstream flow path. 

In the present invention, it is also possible to adjust the 
pressure in the filter outlet part at above 0 mmHg relative to the 
atmospheric pressure by controlling the pumping rate in combination 
with the adjustment of the differential height/or length of the flow 
path. 

An example is given below how to control the outlet pressure by 
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the height difference and the length of flow path. The hydrodynamic 
characteristics must be selected to meet the relationship represented 
by the equation (2). 

The outlet pressure Px(Pa) may be determined from the equation 
(1) according to the law of energy preservation. 

Px/ 7 =P°° / 7 +(A «ow (Ln_+L 2 )Q 2 /( d , 0 w " 2g ■ A IO w 2 ) -L 2 (1) 

wherein P°° is the atmospheric pressure and y is the specific 
gravity of liquid. 

Equation (2) was derived from the transformation of equation (1) 

and experimental data. 

X=(A, ow (L 1+ L 2 )Q 2 /(d l0 w -2g-A IO w 2 )/L 2 >1.5 (2) 
wherein: 

■ i 

Q=(-C 3 +(C3 2 + 4(L 2 +L 3 +L 4 ) (Cx+C 2 + l/(2g - A , ow 2 ) ) ) x/ 2 ) / 

2(C^ + C 2 + l/(2g - A , ow 2 ) ) 
Cx=A .ow (Li+L 2 )/(di ow ' 2g • A low 2 ) 
C 2 =A up • L 3 )/(d UP • 2g • A up 2 ) 
C 3 =M K/A f 

A .ow and A UP are the friction coefficient of the downstream 
and upstream flow paths, respectively ( dimensionless number). 

Ln. + L 2 is the length of the downstream flow path (in m) . 

Lx is the length of a portion of the downstream flow path which 
does not contribute to the height difference e.q. the horizontal 

portion (in m) . 

L 2 is the height difference of the downstream flow path. 

L 3 is the length of the upstream flow path which is equal to the 
height difference thereof (in m) . 
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L* is the height difference of the filter derived from the 
spacing between the inlet and the outlet. 

d IO w and d UP are the inner diameter (in m) of the downstream and 
upstream flow paths, respectively. 

g is the gravity acceleration (9.8 m/sec. 2 ). 

A.ow and A UP are the cross-sectional area of the downstream and 
upstream flow paths, respectively (in m 2 ) . 

H is the viscosity of liquid (in Pa- s). 

K is the resistance coefficient of the filter (in 1/Pa) . 

Af is the effective surface area of the filter (in m 2 ) . 

The friction coefficient of the flow path X was determined as 
follows. A flow path of 2m length and dm of I.D. is placed 
horizontally and pressure gauge #1 and #2 are connected to the flow 
path at positions spaced apart from the inlet by 0.5m and 1.5m, 
respectively using T-connector. A PVP solution having a viscosity of 
21.4 mPa • s and a density of 1028.8 kg/m 3 is pumped through the flow 
path at a flow rate of 15 ml/min. by a non-pulsating pump. After the 
reading of each pressure gauge has been stabilized, the value of each 
pressure gauge (Pa) is recorded. The frictional coefficient A may be 
determined by multiplying the difference of these values with (1.92 x 

10") x d s (in 1/Pa) . 

The resistance coefficient K of the filter was determined as 
follows. The air permeability is measured by the method according to 
JIS L-1096, 6.27. 1A for each sheet constituting the assembled filter 
element and the measured air permeability (in cc/cm 2 /sec.) is 
transformed into its reciprocal. The resistance coefficient K of each 
sheet is determined by multiplying the reciprocal with a factor 6.638 
x 10* (in sec/cm/Pa). The resistance coefficient K of the assembled 
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filter element is their sum. 

The effective surface area A f refers to the surface area of the 
filter available for filtration and equals the area defined by the 
circumferential seal of the filter. 

An embodiment of the apparatus for performing the liquid 
filtering method according to the present invention is shown 
schematically in Fig. 1. As shown, a liquid storage bag (a) is 
connected to the inlet of a filter (b) housed in a flexible container 
by an upstream flow path (c) having an inner diameter d up . A portion 
of the downstream flow path (e) corresponding to length L L is laid 
horizontally on the floor so that the remaining portion L 2 extends 
vertically. Thus, the upstream height difference (drop) equals the 
entire length L 3 of the upstream line (c) while the downstream height 
difference (drop) equals the length L 2 of the downstream line (e). 
The inlet and outlet of the filter (b) are oriented in alignment 
substantially vertically so that the spacing therebetween equals the 
height difference (drop) L 4 of the filter. 

In order to adjust the pressure in the filter outlet part at 
above 0 mmHg in the above arrangement, it is necessary to select a 
suitable combination of various hydrodynamic characteristics of the 
liquid flow path including the filter such as the resistance 
coefficient K of the filter, the effective surface area A, , the 
viscosity fi of the liquid, La_, L 2 , L 3 , L 4 , d» Q w , d up etc. However 
the selection of a suitable combination of the hydrodynamic 
characteristics will be constrained by the characteristics of 
particular filter, and liquid used. Accordingly, it is practical to 
select a suitable combination of the remaining characteristics La. , L 2 
L 3 , L«, d , ow and d up taking the characteristics of the filter and 
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liquid into consideration. 

Moreover, there exists a possible upper limit on the total high 
difference (total drop) L in the site of use. Also the viscosity of 
liquid may usually vary depending on the temperature. Therefore, it 
is preferable to select suitable values of L^, L 2 and L 3 by the user 
depending on the variation of the liquid viscosity. 

The term "liquid filtration system" as used herein refers to a 
system including a liquid filtering apparatus. The system comprises a 
flexible container having an inlet and an outlet and a sheet-like 
filter element for removing unwanted components from the liquid, said 
filter element separating said inlet and outlet from each other, the 
system additionally comprising at least several parts that include a 
liquid storage bag, an upstream circuit connecting said storage bag to 
the filter inlet, a filtrate bag and a downstream circuit connecting 
said filtrate bag to the filter outlet. The system is characterized in 
that said additional parts are connected such that the pressure of 
the filter outlet part reaches above 0 mmHg relative to the 
atmospheric pressure when the liquid in said storage bag is filtered 
through the filter by the gravity flow and the filtrate is recovered in 
said filtrate bag. 

Alternatively, the system comprises a flexible container having a 
liquid inlet and a liquid outlet and a sheet-like filter element for 
removing unwanted components from the liquid, said filter element 
separating said inlet and outlet from each other, said system 
additionally comprising at least several parts that include an 
upstream circuit connected to the filter inlet, a filtrate bag, a 
downstream circuit connected between the filter outlet and the 
filtrate bag, and a liquid conveying pump or pumps disposed in the 
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upstream flow path and/or the downstream flow path of the filter, 
characterized in that the pumping volume of said pump or pumps per 
unit time is controllable such that said liquid is filtered at a 
pressure of the filter outlet part above 0 mmHg relative to the 
atmospheric pressure. 



[EXAMPLES] 

The intention will be described in more detail by making 
reference to the following examples of the leukocyte removing filter 
according to the present invention. However, the scope of the present 
invention is not limited thereto. 

Examples 1-3 and Comparative Examples 1-9 

A filter consisting of a flexible container and a filter element 
(K=4445.5 Pa" 1 -, A, =43.5 x 10" * m 2 ) was used. The filter was free 
from a spacer for the prevention of adhesion of the filter element to 
the container on the outlet side. The filter inlet was connected to 
the liquid storage bag via an upstream flow path having 1.0 m length. 
The filter outlet was connected to the filtrate bag via a downstream 
flow path having 1.0 m length. A pressure gauge (available from Copal 
Electronics) was attached at the immediate vicinity of the filter 
outlet using a T-shaped connector tube. The flexible container was 
made from a plasticized PVC sheet having 0.37 mm thickness. The 
upstream path, downstream path and the T-shaped connector tube were 
made from a plasticized PVC tube having 4.2 mm O.D. and 2.9 mm I.D. 
The filter was dimensioned to have a drop between the liquid inlet 
and outlet of 0.1 m and an effective surface area of 43.5 x 10 4 m 2 . 
The filter element was comprised of a stack of, in the order from the 



1 T 



inlet to the outlet, 6 sheets of a polyester nonwoven fabric each 

having a thickness of 0.2 mm and an air permeability of 237.3 

cc/cm 2 /sec, two sheets of a polyester nonwoven fabric each having a 

thickness of 0.4 mm and an air permeability of 8 . 4 cc/cm 2 /sec . , 25 

sheets of a polyester nonwoven fabric each having a thickness of 0.23 

mm and an air permeability of 8.8 cc/cm 2 /sec, and one sheet of a 

polyester nonwoven fabric having a thickness of 0 . 2 mm and an air 

permeability of 237.3 cc/cm 2 /sec. 

The total height difference, the sum of the upstream height 

difference, the filter height difference between the inlet and the 

outlet and the downstream heigt difference was fixed at a constant of 

1.0 m. An aqueous solution of PVP (3.9 x 10 5 M.W. ) having a viscosity 

of 2.14 mPa ■ s (at 24.7°C ) and a pH of 3 . 6 was infused in the storage 

• ' ' ' • / 

bag and allowed to flow by gravity at room temperature. The filter 

was moved up and down 5 cm heigh each time so that the pressure in the 

filter outlet part was positive in Examples and negative in 

Comparative Examples. The time length required for filtering a 50 ml 

aliquot of the solution was measured and the measured volume was 

converted to the filtration rate (ml/min.). 

In Examples 1-3 in which the pressure of filter outlet part was 

positive, the filter element was available for filtration to the 

fullest extent and the flow rate was maximum in all cases regardless 

of the magnitude of the pressure. In Comparative Examples 1-9 in 

which the pressure of filter outlet part was negative, the filter 

element was available for filtration only partly and the flow rate 

decreased depending on the magnitude of the pressure but the decrease 

in the flow rate was not seen at a negative pressure lower than -27 

mmHg. This is because the biassed flow reaches the maximum at this 
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point and further decrease in the flow rate does not occure beyond 
this point. The results are shown in Table 1 below. 
Reference Examples 1-2 

The methods of Example 1 and Comparative Example 9 were repeated 
except that a rigid container was used. The height difference (drop) 
between the inlet and the outlet of the rigid container was 0.15 m. 
In Reference Examples, the flow rate was not significantly variable 
regardless whether the filter outlet pressure was positive or 
negative . 

The results of Examples 1-3, Comparative Examples 1-9 and 
Reference Examples 1-2 are collectively shown in Table 1. 



Table 1 



EXAMPLE 





1 


2 


3 


Total drop (cm) 


100 


100 


100 


Upstream length (cm) 


100 


100 


100 


Upstream drop (cm) 


75 


70 


65 


Downstream length (cm) 


100 


100 


100 


Downstream drop (cm) 


15 


20 


25 


X value 


2.56 


1-92 


1. 54 


Outlet pressure (mmHg) 


6 


3 


0 


Flow rate (ml/min) 


20 


19 


19 



Table 1 (continued) 



Comparative Examples 





1 


2 


3 


Total drop (cm) 


100 


100 


100 


Upstream length (cm) 


100 


100 


100 


Upstream drop (cm) 


60 


55 


50 


Downstream length (cm) 


100 


100 


100 


Downstream drop (cm) 


30 


35 


40 


X value 


1.28 


1.10 


0.96 


Outlet pressure (mmHg) 


-5 


-8 


-15 


Flow rate (ml/min) 


17 


15 


14 
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Table 1 (continued) 



Comparative Examples 





4 


5 


6 


Total drop (cm) 


100 


100 


100 


Upstream length (cm) 


100 


100 


100 


Upstream drop (cm) 


45 


40 


35 


Downstream length (cm) 


100 


100 


100 


Downstream drop (cm) 


45 


50 


55 


X value 


0.85 


0.77 


0.70 


Outlet pressure (mmHg) 


-18 


-23 


-27 


Flow rate (ml/min) 


14 


13 


12 
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Table 1 (continued) 



Comparative Examples 





7 


8 


9 


Total drop (cm) 


100 


100 


100 


Upstream length (cm) 


100 


100 


100 


Upstream drop (cm) 


35 


25 


20 


Downstream length (cm) 


100 


100 


100 


Downstream drop (cm) 


60 


65 


70 


X value 


0.65 


0.59 


0.55 


Outlet pressure (mmHg) 


-31 


-35 


-40 


Flow rate (ml/min) 


13 


13 


13 



Table 1 



Reference Example 

1 2 

Total drop (cm) 100 100 

Upstream length (cm) 100 100 

Upstream drop (cm) 75 20 

Downstream length (cm) 100 100 

Downstream drop (cm) 15 70 

X value 2.56 0.55 

Outlet pressure (mmHg) 6 -40 

Flow rate (ml/min) 19 20 



2 4 



Example 4 and Comparative Examples 10-11 

Example 1 was repeated except that the total drop was fixed to 75 

cm (Ex.4), 55 cm (Comp. Ex. 10) and 45 cm (Comp. Ex. 11) 

respectively, and the liquid to be filtered was a suspension of 

fluorescent beads of 2 . 5 ii m mean diameter at a concentration of 6.0 

x 10 6 beads/ml in an aqueous solution of PVP having a viscosity of 

28.3 mPa ■ s. The removal rate of beads was measured in addition to 

the filter outlet part pressure and the flow rate. The bead removal 

rate was determined by dividing the fluorescence intensity of the 

first 150 ml aliquot of the filtrate by the fluorescence intensity of 

the initial bead suspension. The value thus obtained is converted to 

the reciprocal of the logarismic value thereof and represented as 

logarismic removal rate. The actual fluorescence intensity was 

• • • / 

measured after diluting or concentrating the initial suspension and 

the filtrate if necessary and the value as actually measured was 
corrected with the degree of dilution or concentration to use in the 
calculation of the logarismic removal rate. Example 4 in which the 
pressure of filter outlet part was positive exhibited a higher flow 
rate and a higher removal rate than Comparative Examples 10 and 11 in 
which the filter outlet part pressure was negative. Results are shown 
in Table 2 . 



Table 2 





Ex. 4 


Comp.Ex. 10 


Comp.Ex. 11 


Total droD (cm) 


100 


100 


100 


Upstream length (cm) 


75 


55 


45 


Upstream drop (cm) 


75 


55 


45 


Downstream length (cm) 


100 


100 


100 


Downstream drop (cm) 


15 


35 


45 


X value 


2.68 


1.24 


1.02 


Outlet pressure (mmHg) 


9 


-4 


-14 


Flow rate (ml/min) 


14.2 


13.1 


12.0 


Log removal rate (log) 


3.30 


2.52 


2.41 



Examples 5-6 and Comparative Examples 16-18 

A filter consisting of a flexible container and a filter element 
(K=6788.3 Pa _:L , A f =43.5 x 10" 4 m 2 ) was used* The filter inlet was 
connected to the liquid storage bag via an upstream flow path having 
0.5 m length. The filter outlet was connected to the filtrate bag via 
a downstream flow path having 1.0 m length. A pressure gauge 
(available from Copal Electronics) was attached at the immediate 
vicinity of the filter outlet using a T-shaped connector tube. The 
flexible container was made from a plasticized PVC sheet having 0.37 
mm thickness. The upstream path, downstream path and the T-shaped 
connector tube were made from a plasticized PVC tube having 4 . 2 mm 
O.D. and 2.9 mm I.D. The filter was dimensioned to have a drop between 

the liquid inlet and outlet of 0.1 m and an effective surface area of 

i ■ 

43.5 x 10 4 m 2 . The filter element was comprised of a stack of, in the 
order from the inlet to the outlet, 4 sheets of a polyester nonwoven 
fabric each having a thickness of 0.2 mm and an air permeability of 
237.3 cc/cm 2 /sec. , a sheet of a polyester nonwoven fabric having a 
thickness of 0.4 mm and an air permeability of 8.4 cc/cm 2 /sec, 32 
sheets of a polyester nonwoven fabric each having a thickness of 0.2 0 
mm and an air permeability of 8 . 4 cc/cm 2 /sec, and 4 sheets of a 
polyester nonwoven fabric each having a thickness of 0.2 mm and an 
air permeability of 237.3 cc/cm 2 /sec. 

The storage bag was hung on a hook and filled with an aqueous 
solution of PVP (3.9 x 10 s M.W.) having a viscosity of 21.4 mPa ■ s 
(at 24.7°C ) and a pH of 3.6. The solution was allowed to flow by the 
gravity at room temperature. The total height difference was altered 
from 70 cm to 120 cm by moving the position of the hook 10 cm each 
time. The time length required for filtering a first 150 ml aliquot 



of the solution was measured and the measured value was converted to 
the flow rate (ml/min) . The filter outlet part pressure was positive 
in Examples 5-6 and negative in Comparative Examples 12-15. It was 
confirmed from these experiments that the availability of the filter 
varied with the variation in the total drop even in a system of the 
same circuit design. The results are shown in Table 3. 



Table 3 



Ex. 5 Ex . 6 Comp.Ex . 

Total drop (cm) 70 80 90 

Upstream length (cm) 50 50 50 

Upstream drop (cm) 50 50 50 

Downstream length (cm) 100 100 100 

Downstream drop (cm) 10 20 30 

X value 2.69 1.60 1.23 

Outlet pressure (mmHg) 7 1-6 

Flow rate (ml/min) 7.8 8.4 8.9 



Table 3 (continued) 





Comp. Ex .13 


Comp. Ex. 14 


Comp. Ex . 


Tot Pk 1 d roD ( cm ) 


100 


110 


120 


Upstream length (cm) 


50 


50 


50 


Upstream drop (cm) 


50 


50 


50 


Downstream length (cm) 


100 


100 


100 


Downstream drop (cm) 


40 


50 


60 


X value 


1.05 


0. 94 


0.87 


Outlet pressure (mmHg) 


-11 


-16 


-21 


Flow rate (ml/min) 


9.1 


9.0 


9.1 



Examples 7-9 and Comparative Examples 16-18 

Examples 5-6 and Comparative Examples 12-15 were repeated except 
that the liquid storage bag was connected to the filter inlet via an 
upstream flow path of 0,75 m length and the total drop was varied 
from 90 cm to 140 cm by 10 cm each time to measure the outlet 
pressure and the flow rate. The results are shown in Table 4. 



/ 
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Table 4 



Examples 



7 8_ 

Total drop (cm) 90 100 

Upstream length (cm) 75 75 

Upstream drop (cm) 75 75 

Downstream length (cm) 100 100 

Downstream drop (cm) 5 15 

X value 6.55 2.48 

Outlet pressure (mmHg) 11 9 

Flow rate (ml/min) 9.2 9.4 
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Table 4 (continued) 



Total drop (cm) 
Upstream length (cm) 
Upstream drop (cm) 
Downstream length (cm) 
Downstream drop (cm) 
X value 

Outlet pressure (mmHg) 
Flow rate (ml/min) 



Comparative Example 



16 17 18 

120 130 140 

75 75 75 

75 75 75 

100 100 100 

35 45 55 

1.32 1.13 1.01 

-7 -13 -18 

10.1 10.0 9.8 



Example 10 

Comparative Example 8 was repeated except that a portion of the 
downstream flow path of 1.0 m length was coiled in a ring of about 10 
cm diameter and fixed the ring with a strap so that the vertical 
spacing between the storage bag and the filtrate bag was 100 cm to 
measure the filter outlet part and the flow rate. The results are 
shown in Table 5. 

Example 11 

Comparative Example 8 was repeated except that the liquid storage 
bag and the filtrate bag were bound by a strap so that the vertical 
spacing therebetween was 100 cm to measure the filter outlet part 
pressure and the flow rate. The results are shown in Table 5. 

Examples 12-14 

Comparative Example 8 was repeated except that the downstream 
flow path was constrained stepwise at a location about 15 cm below 
the filter using a roller clamp to measure the filter outlet part 
pressure and the flow rate. The results are shown in Table 5. 



Table 5 



Example 



10 11_ 

Total drop (cm) 100 100 

Upstream length (cm) 75 75 

Upstream drop (cm) 75 75 

Downstream length (cm) 100 100 

Downstream drop (cm) 15 15 

Outlet pressure (mmHg) 12 11 

Flow rate (ml/min) 9.0 9.2 
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Table 5 (continued) 



Example 



12 13_ 

Total drop (cm) 140 140 

Upstream length (cm) 7 5 75 

Upstream drop (cm) 75 75 

Downstream length (cm) 100 100 

Downstream drop (cm) 55 55 

Outlet pressure (mmHg) 25 36 

Flow rate (ml/min) 7.9 5.7 



[Industrial Applicability] 

As describe above, it is possible to utilize the filter element 
to the fullest extent in order to achieve a high flow rate and a high 
removal rate simultaneously without disposing a spacer for the 
prevention of adhesion of the filter element to the flexible container 
on its outlet side by selecting a suitable combination of 
hydrodynamic characteristics of the liquid flow path in a filter 
comprising a flexible container such that the pressure of the filter 
outlet part is above 0 mmHg relative to the atmospheric pressure. 



Claims: 

1. A method of filtering liquid by gravity flow through a filter 
comprising a flexible container having an inlet and an outlet for the 
liquid, and a sheet- like filter element for removing unwanted 
components from the liquid, said filter element separating said liquid 
inlet and outlet from each other, characterized by adjusting the 
pressure of the outlet part of the filter at above 0 mmHg relative to 
the atmospheric pressure during the filtration. 

2. The filtering method according to claim 1 wherein said 
pressure of the filter outlet part is adjusted at above 0 mmHg 
relative to the atmospheric pressure by a combination of hydrodynamic 
characteristics of the filter and the upstream side or the downstream 
side of the flow path of the filter. 

3. The filtering method according to claim 2 wherein said 
pressure of the filter outlet part is adjusted at above 0 mmHg 
relative to the atmospheric pressure by a combination of respective 
hydrodynamic characteristics of the height differences of filter 
upstream side, filter downstream side, sum of the upstream and 
downstream height differences and the height difference between the 
filter inlet and outlet (total height difference), resistance of the 
upstream flow path, resistance of the downstream flow path, and 
resistance of the filter. 

4. The filtering method according to claim 2 wherein said 
pressure of the filter outlet part is adjusted at above 0 mmHg 
relative to the atmospheric pressure by adjusting the total height 
difference. 

5. The filtering method according to claim 3 or 4 wherein said 
pressure of the filter outlet part is adjusted at above 0 mmHg 



relative to the atmospheric pressure by making the height difference 
of the upstream side greater than the height difference of the 
downstream side. 

6. The filtering method according to one of claims 3-5 wherein 
the pressure of the filter outlet side is adjusted at above 0 mmHg 
relative to the atmospheric pressure by making the resistance of the 
downstream flow path greater than the resistance of the upstream flow 
path . 

7. The filtering method according to claim 6 wherein the pressure 
of the filter outlet part is adjusted at above 0 mmHg relative to the 
atmospheric pressure by making the length of the downstream flow path 
greater than the length of the upstream flow path, 

8. The filtering method according to claim 6 or 7 wherein the 

• / 

pressure of the filter outlet part is adjusted at above 0 mmHg 
relative to the atmospheric pressure by making the inner diameter of 
the downstream flow path smaller than the inner diameter of the 
upstream flow path throughout the entire length or a portion of the 
downstream flow path, 

9. The filtering method according to one of claim 6-8 wherein the 
pressure of the filter outlet part is adjusted at above 0 mmHg 
relative to the. atmospheric pressure by making the length of the 
downstream flow path greater than the height difference of the 
downstream side. 

10. The filtering method according to one of claims 6-9 wherein 
the pressure of the filter outlet part is adjusted at above 0 mmHg 
relative to the atmospheric pressure by making the resistance of 
filter outlet greater than the resistance of filter inlet. 

11. A method of filtering liquid through a filter comprising a 



flexible container having an inlet and an outlet for the liquid, and a 
sheet-like filter element for removing unwanted components from the 
liquid, said filter element separating said liquid inlet and outlet 
from each other, characterized by adjusting the outlet part of the 
filter at above 0 mmHg relative to the atmospheric pressure by 
controlling the pumping volume per unit time length of a liquid 
conveying pump or pumps disposed in the upstream flow path and/or the 
downstream flow path of the filter. 

12. The filtering method according to claim 11 wherein the 
pressure of the filter outlet part is adjusted automatically at above 
0 mmHg relative to the atmospheric pressure by detecting the pressure 
of the outlet part using a pressure gauge connected to a circuit 
branched from the filter outlet part, and controlling the liquid 

I 

conveying pump or pumps disposed in the upstream flow path and/or the 
downstream flow path in response to the value of detected pressure. 

13. The filtering method according to any of claims 1-12 wherein 
the filter does not include a spacer in the filter outlet part for 
establishing flow path. 

14. The filtering method according to any of claims 1-13 wherein 
the filter does not include protrusions on the outlet side of the 
flexible container and/or a tube inserted between the sheet-like 
filter element and the outlet side of the flexible container as a 
spacer for establishing flow path. 

15. The filtering method according to any of claims 1-4 wherein 
the liquid to be filtered is blood. 

16. The filtering method according to any of claims 1-5 wherein 
the liquid to be filtered is blood and wherein the filter removes 
v/hite blood cells and/or blood clots. 

4 0 



17. A liquid filter system comprising a flexible container having 
a liquid inlet and a liquid outlet and a sheet-like filter element 
for removing unwanted components from the liquid,, said filter element 
separating said inlet and outlet from each other, said system 
additionally comprising at least several parts that include a storage 
bag for the liquid to be filtered, an upstream circuit connecting said 
storage bag to the filter inlet, a filtrate bag and a downstream 
circuit connecting said filtrate bag to the filter outlet, 
characterized in that said parts are connected such that the pressure 
of the filter outlet part reaches above 0 mmHg relative to the 
atmospheric pressure when the liquid in said storage bag is filtered 
through the filter by gravity flow and the filtrate is recovered in 
said filtrate bag. 

18. The filter system according to claim 17 wherein the total 
height difference is adjusted such that said pressure of the filter 
outlet part reaches above 0 mmHg relative to the atmospheric 
pressure . 

19. The filter system according to claim 17 or 18 wherein the 
height difference on the filter upstream side is greater than the 
height difference on the filter downstream side such that said 
pressure of the filter outlet part reaches above 0 mmHg relative to 
the atmospheric pressure. 

20. The filter system according to one of claims 17-19 wherein 
the resistance of the downstream flow path is greater than the 
resistance of the upstream flow path such that said pressure of the 
filter outlet part reaches above 0 mmHg relative to the atmospheric 
pressure . 

21. The filter system according to claim 20 wherein the length of 



the filter downstream flow path is greater than the length of the 
upstream flow path such that said pressure of the filter outlet part 
reaches above 0 mmHg relative to the atmospheric pressure. 

22. The filter system according to claim 20 or 21 wherein the 
inner diameter of the downstream flow path is smaller than the inner 
diameter of the upstream flow path throughout the entire length or a 
portion of the downstream flow path such that said pressure of the 
filter outlet part reaches above 0 mmHg relative to the atmospheric 
pressure . 

23. The filter system according to one of claims 20-22 wherein a 
member for reducing the inner diameter of the downstream flow path is 
present in the midway of said flow path such that said pressure of the 
filter outlet part reaches above 0 mmHg relative to the atmospheric 
pressure . 

24. The filter system according to one of claims 20-23 wherein a 
flow restricting member is inserted throughout the entire length or a 
portion of the downstream flow path such that said pressure of the 
filter outlet part reaches above 0 mmHg relative to the atmospheric 
pressure . 

25. The filter system according to one of claims 20-24 wherein 
the length of downstream flow path is greater than the height 
difference on the downstream side such that said pressure of the 
filter outlet part reaches above 0 mmHg relative to the atmospheric 
pressure . 

26. The filter system according to one of claims 20-25 wherein 
the downstream flow path is coiled or bundled throughout the entire 
length or a portion thereof such that said pressure of the filter 
outlet part reaches above 0 mmHg relative to the atmospheric pressure. 



27. The filter system according to one of claims 20-26 including 
a bypass flow path for connecting the midway of the downstream flow 
path or said filtrate bag to the midway of the upstream flow path or 
said liquid storage bag, said bypass flow path including a flow 
restricting member, wherein the length of said bypass flow path is 
shorter than the sum of each length of the upstream flow path, the 
filter and the downstream flow path included between two juncture 
points of said bypass flow path whereby said pressure of the filter 
outlet part reaches above 0 mmHg relative to the atmospheric 
pressure . 

28. The filter system according to one of claims 20-27 wherein 

the resistance of the liquid outlet of the filter is greater than the 

resistance of the filter inlet whereby said pressure of the filter 

• . . . .7 

outlet part reaches above 0 mmHg relative to the atmospheric 

pressure . 

29. A liquid filter system comprising a flexible container having 
a liquid inlet and a liquid outlet and a sheet-like filter element 
for removing unwanted components from the liquid, said filter element 
separating said inlet and outlet from each other, said system 
additionally comprising at least several parts that include an 
upstream circuit connected to the filter inlet, a filtrate bag, a 
downstream circuit connected the filter outlet to the filtrate bag, 
and a liquid conveying pump or pumps disposed in the upstream flow 
path and/or the downstream flow path of the filter, characterized in 
that the pumping volume of said pump or pumps per unit time length is 
controllable such that said liquid is filtered at a pressure of the 
filter outlet part above 0 mmHg relative to the atmospheric pressure. 

30. The filter system according to claim 29 wherein a pressure 



gauge is provided in a circuit branched from the filter outlet part. 

31. The filter system according to one of claims 17-30 wherein 
the filter does not include a spacer in the filter outlet part for 
establishing flow path. 

32. The filter system according to one of claims 17-31 wherein 
the filter does not include protrusions on the outlet side of said 
flexible container and/or a tube inserted between the sheet-like 
filter element and the outlet side of the flexible container as a 
spacer for establishing flow path. 

33. The filter system according to one of claims 17-32 wherein 
the liquid to be filtered is blood. 

34. The filter system according to one of claims 17-33 wherein 
the liquid to be filtered is blood and wherein the filter removes 
white blood cells and/or blood clots. 

35. A method of filtering liquid wherein the filter system 
according to one of claims 17-34 is used. 
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(57) Abstract: A filtering method which prevents adhesion between an outlet vessel and a filter element and which uses a flexible 
filter which allows smooth flow of liquid and is superior in filtering performance; and a filtering system. A filtering method which 
uses a flexible vessel having an inlet and an outlet for liquid, a sheet-like filter element, and a filter in which the inlet and outlet 
for liquid are separated by the filter element, wherein in filtering a liquid by the action of gravity or of a liquid feed pump, the 
pressure in the outlet of the filter is not less than 0 mmllg with respect to the atmospheric pressure; and a filtering system. Further, a 
filtering method in which a suitable combination of the filter and the hydrodynamic characteristics of the flow channel upstream or 
downstream of the filter is selected to make the pressure in the outlet of the filter not less than 0 mmHg with respect to the atmospheric 
pressure; and a filtering system. 
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i«l»»EW^!/ ?b , 7 -f /v*-©±MM©i£* *fcB3Klffi«ft»»^y 
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©*7^t\ ffl^zm^ztftX-ZZ,, /<*«&&©££»:, /^/^W 
©±T©g»EW fcfc 5 ±«ftffid«EK 1 7 -r / W - i: TM»I $ ©*&fb J; 

>-7©«*£W« c <b (a 9 % s *ic7^^-rt«©ffi**iwiiii-5 r i 

So 

7 /W* — ttS QUomt) %±Wm VX OmraHg Icpg-f 5 - i t S. 
©J:08£U^£l/t\ TIB (2) ^#9itoJ:5K:4^®*l#^^fcafiR 
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Px/ V = P„/y + (X lw (L 1 +gQ 2 )/(d l0 ,-2g-A l0 , 2 )-L 2 (l) 

_bi5 (i) #,<Dm&k$mT-*frbTm (2) ^^ttjtfc 0 

X^S = a:Jl 1 +l 2 )(f)/(d lo ,-2g'k 1 J))/L2 > 1.5 (2) 

Q=(-C 3 + (C 3 2 +4(L 2 +L 3 +L 4 )(C 1 4C 2 +l/(2g-A l0 . 2 ))) 1/2 ) / 

2(C 1 +C 2 +l/(2g-A lOT 2 )) 
C, =X l0 .(L 1 +L 2 )/(d lOT .2g-A lOT 2 ) 

C 2 =(l up -L 3 )/(d up '2g-A UI> 2 ) 
C 3 ■=' ju K/Af 

L1+L2 teTM«ft (¥& m) % 
g«m^W^(9.8m/# 2 ), 

A lOT . AJt^mTMW, ±MWo»f®a(¥fem 2 ), 

k &y 4 /^-(DmmmmtL i/p a ) , 
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a, r±7 * w -<Dmmimmm&& m 2 ) 

©aEKfcJcTK:** AP *»6> 0. 5m, 1. 5m ©ffc»fc: T «9 tttfTBE^W- 1 & 

2 SrJteBM"*. 21. 4mPa • s, 1028. 8 kg/m 3 © PVP tKW ( p H3. 6) &p 
SELfcgL ^K^^J»^r$^V^^Jf>'7 6 ^^^^T«g&^C 15ml/#<pSfS$-T? 
PVP^«i- 0 £E^H-iW2««l / fc| > JtJi^lioJWi (Pa) & 
B»U ^^t(1.92X10 10 )Xd 5 mil/Pa) Jl-CfcS. 

-#CtC-oV ^ 0 *XH^^ JIS L-1096, 6. 27. 1 A Kg<5 < m&g&Sl&Wfo U 
m€^a!l^^:(^cc/cm 2 /sec)©»%^:fe, r^C«6. 638 X10 4 
sec/cm/Pa) Sr#»tTfr>-r htf> KQ£& 1/Pa) £#i6fc^ %1flh<OWfQ&'7 4 

ft&wfcw&8'*yy (a) t^mm^m^tcy^jv?-- a) 
frxu%n&d^<D±mmtim (c) la-ox^u ±»j^m^±mw©s 

$L 3 » (e) taotiil, TMI« (e) ftSL^S^lBJ 

S$h£TSMfflEgU:jfc S J: 5 mi~So 7 -f /u*- ( b ) <£»AP £ iRflsffl p h r±, 
ttSfcglL 4 *fl|fifci-« 0 ^©R#, 7-f7V^-OtbP*EBJE*S0mmHgfit±{j:)&S 

j: 5 /v^-«^flafcK, l ^ l * 

l 3 x l 4 , d lOT , d^^ 7^^-^tM{mn,(om,w-ti^w&(D%m^t> 
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L 2 , L 3 , L 4 , d lOT , d 
JEfc* mSRlJ^tia*^ 5WCii, ±MJ^ 7wvw*-tf>AP£ttiPP^j& 

tzzk&&\<\ -ate mtmk%zwift<D®&mm&&<. rw^otw 

ffi&&/<yyb&&mtX^ZTMMm&<0£U&*'J>%< b h%tsh<DX*&<0 , 

mffimumvfftm^ v nzjM$m*&h k * •? at® L»iim»nutx/^ ? 
fr?~-^mz&oxmxbtix^%7'</i'*-, R^-f/^-APfc^wurv^ 
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!K #7 -f >W - © til R *fP©EE# Sr^WE W UT OmmHg JgLtfc: ItlS^tT 5 £ 

[H» 1 ~ 3 .fctttfctfcfll 1 ~ 9 ] 

Hit£3:fcVv7-r/W — (K=4445. 5 Pa\ Af =43. 5X KT 4 m 2 ) £JBVvt\ ^<D& 

£ tz&7 ;\s*-(DWifo\& R ft, ft$l, .0mOTII«aLt»»@ 

atfflifiKltt (Copal Electronics M Pressure Gauge) fcgSttbfc. RTjfcte 

ffi&RTfifchmMMW&itt, ft&2. 9mm, *M£4. 2mm©tfc»£ffctf'=/l' 

ffi P M©?S£ifc 0 . 1 $$dliB9dtfr 43. 5X KT 4 (m 2 ) (C^^ 7 * 

LTfck »#:OAPA^tt|Pi^tT % il^ 237. 3 (cc/cm 2 /sec) , Jf£ 0.2mm 
©^y a^r-yVj^RBI^Sre^ ii^g8.4 (cc/cm 2 /secK ff$ 0. 4mm ©# JJ ^7. 
x/V$^F«^2^ oi^8.8 (cc/cm 2 /sec), ff£ 0. 23mm ^x/M^F 
25 tfc Sfcg 237. 3 (cc/cm 2 /sec) , i? £ 0. 2mm ©# JJ x7f/^»^ 1 

£l. OmKI^Ufct, »ji»itT, 21.4mPa-s(24.7°C), pH3.6 \Z 
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stfc 0 maraR i50mi *$mt%<D\zmi,tzftm*mfcu e>»iB$s 
y ^ /^-mmo-w^mm^ fits ^aumm^mi^mmrvtitK - 

2 7mmH g MTtDBiQ&frfiX^tnWftfttimvj&Timz £>&/$>ofc 0 4H» 
[##f!ll-2] 
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&%0J2 


mmm3 




mm 2 


(cm) 


100 


100 


100 


100 


100 


Jb$£««S&:g(cm) 


100 


100 


100 


100 


100 


iSMBSSS (cm) 


75 


70 


65 


60 


55 


TSE«J*EKfi(cm) 


100 


100 


100 


100 


100 


TSMHfHI (cm) 


15 


20 


25 


30 


35 


Xf. 


2.56 


• 1.92 


1.54 


1.28 


1.10 


ftaS&E (mmHg) 


6 


3 


0 


^5 


-8 


mm (mI/#) 


20 


19. 


19 


17 


15 





mm 3 


mm 4 


mm 5 


mm e 


mm i 


(cm) 


100 


100 • 


100 


100 


100 


±«fEflH8ES&g(cm) 


100 


100 


100 


.100 


100 


±8I«J¥S8 (cm) 


50 


"45 


40 


35 


30 


T«£«SEK^(cm) 


100 


100 


100 


100 


100 


T^«I?£S (cm) 


40 


45 


50 


55 . 


60 




0.96 


0.85 


0.77 


0.70 


0.64 [ 


fflPSBE.'(mmHg) 


-15 


-18 


-2 3 


- 2 7 


-3 1 


SSg (mL/#) 


14 


14 


13 


12 


is- 





mm 8 


mm 9 




*#0»2 


(cm) 


100. 


100 


100 


100 


±SE(»ISci&*(cm) 


100 


100 


100 


100 


■±Sifll*SI (cm) 


25 


. 20 


75 


20 


T8tWSSJSfi<cm) 


100 


' 100 


100 


100 


Tmmm (cm) 


65 


70- 


15 


70 




0.59 


0.55 


2.56 


0.55 


fflPgSS (mmHg) 


-3 5 


-40 


6 


-4 0 




13 


13 


19 


20 



( 

mmm 4 &iwcm\ i o ~ 1 1 ] 

±mwm& itmmmm o & 1 5 c m 4 ) % 55cm (itmm i 

0), 4 5cm 0fct!$iJll) t-t^ilHSU.S^^ (¥#Jti:&2. 5/im) 

116. oxio 6 (i/mDi:Hifc^y if=/utrny k^tK^ 
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28.3 BPa-s)^^fcr^m mmmi tmm^mM^\ #7^/^- 

*2 





H&0J4 


10 


itmm 11 


^ffM (cm) 


100 


100 


100 


±3ft{a!lSfeS§ft (cm) 


75 


55 


45 


±SKfl!iapJS (cm) 


75 


55 


45 


T$fStt!lSinS§ft (cm) 


i 100 


100 


100 


TSMBffJS (cm) 


15 


35 


45 


Xtt 


2.63 


1.24 


1.02 


ffiPSBJE (mmHg) 


9 


-4 


-14 




14.2 


13.1 


12.0 


«tf-<&*l$C|Sfc**S (Log) 


3.30 


2.52 


2.41 



[MMM 5 - 6 ft ±lWfc«E0j 12-15] 
Rflgtt&Sia^ftS, (K=6788.3Pa*\ A, =43. 5X10-V) £^T N 

^©»P?:, ft $ 0 . 5 m<D±^{||W^?> LTMi®«frM^ 

BE^aWfefflWfcffi^W- (Copal Electronics Pressure Gauge) J^Ufc, 
RT8tt£S&K:«\ J?$0. 3 7mm<D$IC&tttf-/^<^-h& > ±»W, 

TMmmmm^mmmmmmat, ^2. 9mm, ^4. 2mmoft5tfe£{b 



16 



WO 02/083200 PCT/JP02/03313 



£ ttflcffl P HQ (DWm: 0 . lm, tttti&l&WSfe 43. 5 X 10" 4 (ra 2 ) 7 4 ^ 

*-Sfif&U#£#OAn^a}PtoNtT, S*t£237. 3 (cc/cmVsec), J? $ 0.2mm 
© y ^*T/H^FM& 4 tk jfi$S& 8. 4 (cc/cmVsec) , J¥ * 0. 4mm ©# y ^ 
f-A#PFto>(5& 1 ft* Sfc* 7. 1 (6c/cm 2 /sec) , JP$ 0. 20mm U a^^SPF 
32 ft, 8.4 (cc/cmVsec), J¥£ 0. 4mm :**^BPRfcfc& 1 

ftx ififtft 237. 3 (cc/cmVsec) % 0. 2mm <Dtf V i^f^M*^ 4 ft©)KH: 
bfct>©£JlVNfCo 

21.4mPa-s(24.7t:), pB3,6fcWRUbtf!J f-/Vfc°n y K> 0^*3 9 75) tK^ 

(Om£ fcTOfirf 5 £ £: 7 0cmHl20c m^T* 1 0. c mMWZ 

WSiSUfc. Kfc&Kgft 150ml %«ii-50K:KUfei*M*r88*U MB! 

^3 









(cm)| 70 


80 


90 


100 


110 


120 




50 


50 


50 


50 


50 


50 


±9MH£2 (cm) 


50 


50 


50 


50 


50 


50 


TflMHSKHfc (cm) 


100 


100 


100 


100 


100 


100 . 


Tmmm ( cm ) 


•10 


20 


30 


40 


50 


60 




2.69 


1.60 


1.23 


1.05 


0.94 


0.87 


ffiPSBE (mmHg) 


7 


1 


-6 


-11 


-16 


-21 


3S3 (ml_/#) 


7.8 


8.4 


8.9 


9.1 


9.0 


9.1 



mmm 7-9 a ixfvdem 1 6 ~ 1 8 ] 

ssm&&%&fr h fe 5 7 4 -(DWlfcA P * £ 0 . 7 5 miDlIII^^ 
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mMwzim Ltczt mmm 5 ~ 6 & * twtsw 12-15^ c^src 

" *4 ' 







£80116 




ttmmia 


(cm) 


90 


100 


110 


120 


130 


140 


±MSEB* (cm) 


75 


75 


75 


75 


75 


75 


±9EfH££ (cm) 


75 


75 


75 


75 


75 


75 


TSHBSKft (cm) 


100 


100 


100 


100 


100 


100 


TMSS (cm) 


5 


15 


25 


35 


45 


55 


Xfil 


6.55 


2.48 


1.67 


1.32 


1.13 


1.01 


ffiPBRE (mmHs) 


11 


9 


2 


-7 


-13 


-18 


3ti£ (mL/») 


9.2 


9.4 


9.8 


10.1 


10.0 


9.8 



CUM 10] 

* $ 1 . 0 m<DTmmm&(o-&*wmi iocm©^ ^xmvmK 
u mrnimm^y^tuMmPfm^y^bom^ 1 0 0 c mbttz x 5 

ftl?©^' y ^ 4: »iS^«Eft:lHlJ|X/< y ^ 4 1 o 0 c m * 5 «fc 5 fcWMS Ufc 

[mfi^i a~i4]. 

TfcK tfc n - 7 ^ 7 ^Srffi v vc, HJStfil 12, 13, 144 HflSfttteSB&fcKfe 

»fc - 4 imm sbm d^-cwr^v \ m n gf$jE 4 w^gg*-^ l 
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^5 





HM0IJ1O 


HJfiflll 


HJ£#|J12 




38BE«14 


±MM (cm) 


100 


100 


140 


140 


140 


±8£«l 


imSIS (cm) 


75 


75 


75 


75 


75 




3111 (cm) 


75 


75 


75 


75 


75 


TSMB 


(cm) 


100 


100 


100 


100 


100 


TStfl 


MM (cm) 


15 


15 


55 


55 


55 


ttlPBBE (mmHg) 


12 


11 


25 


36 


48 


mm (mL/flO 


9.0 


9.2 


7.9 


5.7 


3.5 



4*tt©jB*^*>**iiW»!:Wl LX7<i /l<* -(Dlii P OmmHg &>±T3mtZ 



19 



WO 02/083200 



PCT/JP02/03313 



is * <d $& m 

^#tt©ll^r{-J:oT N 7^^-©tt5P§|5©JE^^^E^LT OmmHg ^ 
3. 7^7~©±MJi£^ T»IE ±»I^H^T^«^J;^7 

mM<omj]%*i$m\cttVX OmmHg ^±(cHS-f"«)»^2(C|B*|«ft:0 

X OmmHg ^±^liS1--5lf 2 ^!3««#:<DMm> 

5.7^ 7V7-©±MJ^M^TM^M J: t) t>^# < r t Jcio-CUi p 
^©ffi;^£;*c$UBc*fLT OmmHg ^±^p^«w ^"b&5lf*:>S3 tfcti 

6.7^ /^-©T»Mo^^lttW©^i 9 t^f < r b 
\z£oXmU<D&tlttnj£\Z*tLX OmmHg ^±™Si"5 ^ ^£>&5W 

(ClioTttlP^OJE^^^jE^LT OmmHg &,±\mm~ %Z bfrbteZfH 
8. 7^/^^«-^TW»©-^FI5tfclt^^c*5V^T, ^«<DI*J&£±^ 
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OmmHg W±tHBBt-5 - £ ^feft^W*! 6 *fcWJt*S 7 fcfSttOS®:©*® 

TaP»©JBE*«r>C«ElC«L'C OmmHg 0lhK:iBH*5 £ W^JfeSgf^«6 

1 0. 7^;^-o»fflP©^iW©AP©^j: !) fe^#< f5i 
k\z£vX\&Uto<D&fy*i&&K.1&VX OmmHg BLhR:lPBfrt" 

1 1 . ®w<dx utmnk m-tz ^imrnrn t . mm>t>m*. l < *v ^ 

^JB£*f UT OmmHg ELbcHS?"* - t Wit5lW« 
-<DttlP$l5(7>ffi^^^jE^*fLT OmmHg ^\z£WM&+ZZkfrt>t£Zn 

m. 1 1 

-*m^ zzLbfrb tezwim i~i2 <D^?tiMz.t5M(omft<DmM%m 0 



21 



• 1 

0 



WO 02/083200 PCT/JP02/03313 



W-^^-OfflP^JE^^TC^UEWUT OmmHg £JLk£ft5«fc 5 

1 9. mP^Eb^^^BE^tT0mmHgJ^±£^§i5^ 7j/V?-<D 

liSlli^TSttlfJ; 0 fc** < £tiT&5tf*Jf i 7 l 8 fcfBtto 

2 0 . tb RfRE#;&S*$!C0Efc# LT OmmHg fiJLt t ft Z> X o\^y<{ fr* -© 
T^«S&©^^±M»©S^i «fc 0 *t < £*VCft5!f 1 7 ~ 1 9 © 

2 1. ttJP^IE*^^^LT0mmHg^±£^5i5^ O 
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2 2. mQnmMljzfm\m\sX0minHLgSk±bteZ>3:5\^ yj;V?-<D 
T»f51I!l«o&*^ !£«oj*9&£/h£ < l-^fcfcoW^I-S ztfrbteZ 

IWS 2 0 ~ 2 2 OV^-f tld^Jl|2ic«frOM^7.7 i i>, 0 

2 4. lijP^ff^^^raLT0mmHg^±i:^^J;5^ 7^f;^-0 

2 5. WP|?^^^WUT0nmiHgfiJl±i«i5J;5^ 

OS § ol&fn i !9 t>$gV > r t 5> * 2 0 ~ 2 6 o v *-Tfta»fclBfcG>i0ttt 

2 8. ttSP^IE^^^E(C^LT0mmHg^±i:?fe5«t5^> 7^/V^-O 
ttfcoffl P o&m«#OAP ©ffij^C J; D ^ n £ 4 SH^if 2 0-2 

2 9 . «OA P^tUPi: ^t!£§^ £ ^ t < ftl 
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flc*ajSi"5 fc^fc 5 > ^7 /V^-<Dffi n»©E&$r*»Efc«- UT OmmHg 

IBs ufca&K^^T'toiwwiwfcfc ^ ©26«asrfli!M'5rieT?* s - 1 1 i- 

31. 7^7^^-oaiP^^Wlif*^^*©^^-1^-^"g•^^^^7^/^^ 
3 2. 7^;^~c^fflP^^W»^ofefeo^-f i -i:UrotHPffi!]'5r^ 

£^*£v^wvi/*— a^fcsitJissi 7~3 1 ©v^-fti/^fciBtt^^oaa 

3 3. ^jg^tlS^^jfiL^-efc^ff^l 7~3 2<0^-f^MZ.^L(OmW- 

riH®fe«l©K^<D*:*©7-f7V?--C*>5lf*3Sl 7~3 3<DVN-f^(C|E^<D 
3 5. Wmi 7-3 4 0V^i a i^^|E|fe(DiftJiV^7 1 A^V^^^^$:«3i 
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